Chromatin-associated RNA polymerase activity increases during washing of sugar beet tissue to a maximum by 20 hours. This increase was inhibited by dosages of gamma irradiation between 50 and 400 krad. Template availability, as measured by saturating levels of added Escherichia coli RNA polymerase, also increased with washing and was inhibited, although to a lesser extent, by the above irradiation dosages. Neither endogenous polymerase activity nor template availability was affected by high dosages (300 krad) in unwashed tissue. Exposure of tissue to irradiation (300 krad) at different times during a 20-hour washing period severely inhibited the development of RNA polymerase activity during the early stages of washing. The inhibition of template availability, however, was independent of time of irradiation. The data presented are discussed in relation to the mechanism involved in the inhibitory effects of gamma irradiation on RNA production and subsequent protein synthesis.
The dramatic increase in metabolic activity resulting from the washing of intact storage tissue from plant roots or tubers is well documented. In addition to a general increase in respiration (7), washing of storage tissue results in an increase in protein (9) and nucleic acid synthesis (16, 17) . Several workers (5, 16) have shown that the increase in respiration, protein synthesis, and development of enzymes such as invertase requires the synthesis of RNA. The exposure of plant tissue to ionizing radiation has been shown to profoundly affect nucleic acid synthesis (22) and subsequent protein synthesis. For-example, irradiation of peanut seeds followed by prolonged storage resulted in a decrease in the production of biologically functional mRNA (23) . An investigation was therefore undertaken to determine the effects of gamma irradiation on protein and nucleic acid synthesis during washing of storage tissue (sugar beet tuber). Since recent evidence from our laboratory has indicated that the increase in RNA content during washing may be a result of increased chromatin-bound RNA polymerase activity (8) , the chromatin system was chosen as an additional parameter for measuring irradiation effects as well as a possible primary site for irradiation damage. ' The research was supported by Atomic Energy Commission Contract (COO-1313-25 (20) yielding cold trichloroacetic acid, ethanol-ether, and ether extracts. The resultant residue was incubated for 30 min at 37 C in 1 N NaOH. The trichloroacetic acid-precipitable material was collected on glass filter discs (Whatman, GF/A), and the radioactivity was determined as described below. Nucleic acids were extracted from tissue (6) following incubation with 'H-uridine. Aliquots of the final dialyzed product were diluted, and the absorbance at 260 and 280 nm was recorded to determine yield and purity. Aliquots of the sample were precipitated in the presence of 5% trichloroacetic acid and 0.1 mg of herring sperm DNA. The precipitates were collected on glass filters, and the radioactivity was determined with a scintillation spectrometer (Packard model 3375).
Chromatin Isolation. Chromatin was isolated from tissue by a procedure described by Huang and Bonner (15) and modified by Duda (8) and washed repeatedly with cold 5% trichloroacetic acid. The filters were dried and the radioactivity was measured as described above. Enzyme activity was determined by sub- To determine the general effects of gamma irradiation on in vivo protein synthesis in sugar beet tissue, washed tissue was exposed to dosages of 100 to 400 krad, incubated in a buffered solution containing 'H-leucine, and fractionated as described above. Although a slight decrease in total uptake of amino acid was observed, increasing dosages of gamma irradiation significantly inhibited incorporation of 8H-leucine into protein (Table  I ). The effects of irradiation on in vivo nucleic acid synthesis were studied by washing irradiated tissue in the presence of 'H-uridine. Nucleic acids were then extracted and the radioactivity/A.,, was determined as described above. Incorporation of 'H-uridine into nucleic acids was inhibited by increasing dosages of gamma irradiation (Table II) .
Sensitivity of Chromatin System to Irradiation. Various biological systems have been shown to tolerate relatively high levels of ionizing radiation (21) . Following exposure of the tissue to various dosages, chromatin was extracted and the RNA polymerase activity was assayed as described above. Quite high levels of gamma irradiation were necessary to inhibit the endogenous RNA polymerase activity significantly (Fig. 1 ). An (Fig.  2) . A dosage of 300 krad, followed by various washing times, resulted in a significant inhibition of the increase in enzyme activity (Fig. 2) . It should be noted that gamma irradiation at this relatively high dosage had no effect on RNA polymerase activity associated with chromatin extracted from unwashed tissue. The increase in template availability (measured by saturating levels of E. coli RNA polymerase) during washing is also inhibited by gamma irradiation (Fig. 3) (Fig. 4) to determine when the development of RNA polymerase is most sensitive to irradiation. After a total of 20 hr of washing in each experiment, chromatin was isolated and the enzyme and template activity were assayed. A dosage of 300 krad had no effect on endogenous RNA polymerase activity or template availability in unwashed tissue. The development of enzyme activity during washing, however, was most severely inhibited if the tissue was irradiated before washing or early in the washing period. Based on percentage of control activity (Table III) , irradiation at any time after 10 hr resulted in a consistent inhibition of 50%. In contrast, however, it appears that a given dosage of irradiation results in a 35% inhibition of template availability regardless of time of treatment during the washing period. (10) and chemical alterations of the bases (24) in the DNA of various systems. The conformation and subsequent activity of numerous enzymes have been shown to be altered by gamma irradiation (1, 2, 19, 25) . Such damage may lead to an inhibition of RNA synthesis by an alteration of the interaction of chromatin components. For example, irradiation of DNA may increase strand separation or breakage, but such sites may be ineffective for RNA synthesis (12) (13) (14) . The irradiation of RNA polymerase in vitro results in a loss of activity and an increase in errors during transcription of an undamaged polyuridylic acid template (11) . In the sugar beet system, the above-mentioned foci of irradiation effects are complexed with the development of enzyme and template activity during washing. The data presented here indicate that gamma irradiation inhibits the increase in activity of RNA polymerase and template availability during the washing period. Such alterations may result in the observed inhibition of RNA synthesis and subsequent inhibition of protein synthesis following gamma irradiation. It is notable that in unwashed tissue the chromatin system is apparently protected from irradiation treatment.
One of the major problems is determining which component or components of the chromatin system have been altered by irradiation. The fact that irradiation at a given stage in the washing period resulted in a greater inhibition of endogenous RNA polymerase activity in comparison with template availability indicates that both the activity of the enzyme and the DNA template were altered by irradiation. In addition, the development of enzyme activity was most sensitive to treatment at early washing periods, whereas template availability was altered independently of time of irradiation (Table III) . From these data, a plausible explanation for the observed inhibition of protein and nucleic acid synthesis is that gamma irradiation 
